This investigation studies cause-specific mortality of art glass workers employed in 17 industrial facilities in Tuscany, Italy. A cohort of 3,390 workers employed for at least 1 year was enumerated from company payrolls. Follow-up was between the start of employment in each factory and 31 December 1993. The cause-specific expected mortality was computed relative to Tuscany rates and specified for gender, 5-year age groups and calendar year. Separate analyses were carried out for the jobs of makers and formers and for batch mixers. Among males (3,180 individuals) observed mortality for non-cancer causes was higher than expected for hypertensive disease [standardized mortality ratio (SMR) = 178, 90% confidence interval (90% Cl) = 96-301], pneumoconiosis (SMR = 200, 90% Cl = 94-376) and diseases of the genitourinary system (SMR = 169, 90% Cl = 95-279). Increases for the above causes were shown also among makers and formers: hypertensive disease (SMR = 182, 90% Cl = 85-341), pneumoconiosis (SMR = 250, 90% Cl = 109-493) and diseases of the genitourinary system (SMR = 224, 90% Cl = 121-380). For batch mixers an increase was present for cerebrovascular disease. The observed mortality for cancer causes was above the expected for cancers of the larynx, lung, stomach and brain. This study points to the existence for Tuscan glass workers of health effects in addition to cancer; previously observed carcinogenic effects were also confirmed.
INTRODUCTION
According to the International Agency for Research on Cancer, the manufacture of art glass entails exposures that are probably carcinogenic to humans; art glass production was therefore allocated to Group 2A. 1 The epidemiological evidence for the evaluation comes primarily from an association with lung cancer consistently shown in cohort and case-control investigations, 2 
"
8 together with the finding of an increased risk for stomach cancer among art glass workers. Employment in the art glass industry entails exposure to definite and probable lung carcinogens; among them are silica and asbestos, 10 and lead (recently suggested as an occupational carcinogen)." Heat and noise are additional health hazards present in this work environment.
This investigation presents the evidence of health effects among glass workers studied in terms of mortality; the focus here is on mortality for non-malignant diseases. Cancer mortality is the object of a separate contribution. 12 The factories under study began operation between 1950 and 1985 (half of them in the mid-1950s) and only one factory produced crystal. The total number of employees in 1996 was approximately 800, ranging between 15 and 120 workers in the different factories. The maximum number of employees, 3,500, was reached in the 1960s. The final products include tableware, glass containers, lighting glass and ornamental glass.
Arsenic has been used in art glass production since 1960. Its consumption in the years 1991-95 decreased from 47,500 to 6,500 kilograms per year; in 1994-95 air measurements in only a few glassworks showed arsenic concentration often above the ACGIH-TLV (American Conference of Governmental Industrial Hygienists, Threshold Limit Value) of 10 ug/m 3 . In tools and furnaces asbestos has been present until 1990, when the use of fibreglass and ceramics fibreglass material was implemented. 13 Exposure to silica decreased over time as shown by measurements in the early 1980s and in the early 1990s after implementation of dust control measures: average concentration of respirable quartz in the first period was 0.5 mg/m 3 -above the OSHA-TWA (Occupational Safety and Health Agency-Time Weighted Average) of 0.1 mg/m 3 but below this limit in the second period.
14 No information on arsenic, asbestos and silica exposure were available before the early 1980s.
SUBJECTS AND METHODS
The eligibility criterion for the cohort was employment for at least 1 year in any of the 17 factories active on 31 December 1991 in the Tuscany area considered here, resulting in 3,390 subjects: 3,180 males and 210 females. Vital status was ascertained as of 31 December 1993; individual data on job history in terms of year of start and termination for each job title were abstracted from company payrolls.
For all subjects no longer working in any of the 17 factories at the end of follow-up (31 December 1993), vital status was ascertained through the National Death Index (1980-87), the Regional Death Index (1986-93), and the Registrar's office at the place of residence and/or death (1950-85); in the latter case the cause of death was coded by a trained nosologist; all the listed sources adopted the rules of the International Classification of Diseases (ICD) Revision at the time of death. Cohort members not traced through the Registrar's office at the place of residence and of birth were assumed alive at the end of follow-up.
Standardized mortality ratios (SMRs) were computed using OCMAP 15 (Occupational Cohort Mortality Analysis Program) and mortality rates for the population resident in Tuscany were applied for comparison; for each SMR value a 90% confidence interval (CI) was calculated on the assumption of a Poisson distribution.
The eligibility criterion was satisfied for 3,180 males and 210 females (for the latter results are not reported). A separate analysis for 2,434 makers and formers, the only job entailing contemporary exposure to all die chemicals used in this industry, was carried out. The subgroup of 259 batch mixers, a predominantly manual task involving exposure to dusts of the majority of glass batch components, was also analyzed separately.
RESULTS
The results are reported in detail for men employed for at least 1 year (3,180 subjects) and, among these, for 2,434 individuals who held the job of makers and formers. In the following paragraphs the two groups will be referred to respectively as total cohort and makers. Mortality for 259 batch mixers is also reported. Results are not presented for women, given the small number of both subjects (210) and observed events (28 deaths). Table 1 shows the characteristics of the total male cohort and of makers by vital status at the end of followup, together with the distribution of person-years by age, duration of exposure and latency. In the total cohort vital status was unknown for 131 individuals (4%) and cause of death was unknown for 11 subjects (2%). The total cohort and makers contributed respectively 74,759 and 57,925 person-years of observation. The distribution of overall person-years in terms of age, duration of employment and latency is also reported. Batch mixers, a small group of 259 subjects (not shown in Table 1 ), accumulated 4,997 person-years of observation: 22% were less than 40 years of age, 77% had an exposure duration of less than 10 years and 18% had a latency of more than 20 years. Table 2 describes the results of the study in terms of mortality for the overall cohort and for makers. Mortality from all causes was lower than expected in the total cohort and among makers; the same was seen for malignant neoplasms in the total cohort while, among makers, this cause was above the expected. For causes of death other than cancer an increment was found both in the total cohort and among makers: hypertensive disease (total SMR = 178, 90% CI = 96-301; makers SMR = 182, 90% CI = 85-341), pneumoconiosis (total SMR = 200, 90% CI = 94-376; makers SMR = 250, 90% CI = 109-493) and diseases of die genitourinary system (total SMR = 169, 90% CI = 95-279; makers SMR = 224, 90% CI = 121-380). The seven pneumoconiosis deaths were all due to silica and silicates (ICD 502). Mortality by cause in the total cohort and among male makers and formers. Regional reference population (OBS = observed deaths; SMR = standardized mortality ratio; 90% Cl = 90% confidence interval) In both subgroups mortality from specific cancer site was increased, namely for stomach, larynx, kidney, brain and leukaemia; a statistically significant increase was present for lung cancer in the overall cohort (SMR = 123, 90% Cl = 100-151) and among makers (SMR = 143, 90% Cl = 113-178).
Cause of death (IXICD)
In the subgroup of 259 batch mixers (not shown in Table 2 ), 50 deaths occurred (SMR = 99, 90% Cl = 78-126); SMRs were above the reference for lung cancer (SMR = 159, 90% Cl = 80-269, nine cases) and for cerebrovascular disease (SMR = 106, 90% Cl = 42-222, five cases).
DISCUSSION
Commenting on some validity aspects of this study it can first be noticed that the 'healthy worker effect' (HWE) phenomenon was not evident in this cohort as overall mortality was not decreased. The HWE is commonly explained by selection at entry and permanence at work of relatively healthy individuals. This circumstance is common in large industries but less likely for Tuscan art glass workers, a skilled workforce employed in smallmedium size industries. The use of regional rates should have partially adjusted for geographical variation in mortality rates; selection bias should not be a relevant issue because cohort members were abstracted from payroll lists, an administrative independent source of data. Vital status was completed for 96% of the cohort members and the cause was known for 98% of deceased individuals. These data indicate that information bias should not be a relevant problem.
Mortality from diseases of the circulatory system as a total group was below the expected in the overall cohort and in makers, while an increase was observed for the sub-category of hypertensive disease.
Mortality rates for both cardiovascular disease and hypertension are lower in Tuscany than in Italy; the choice of regional rates in the computation of SMRs was intended to indirectly adjust for the geographic difference. The study on risk factors for atherosclerosis carried out in Italy, has shown, for the Tuscany area, a lower prevalence of hypertension in comparison with the pool of other areas. 16 In 1996, among 138 retired longterm workers from Empoli glassworks, 71 subjects (51%) were hypertensive. In the 1990s cross-sectional information on smoking habits showed for cohort members (377 males) a higher prevalence of cigarette smoking (50%) in comparison with the general Tuscany population (40%). Hypertension and smoking are recognized risk factors for cardiovascular disease mortality, a cause of death showing a deficit in the present investigation. 17 Previous studies of glass workers have shown an increased risk for cardiovascular disease as a total group 7 -8 and for ischaemic heart disease and cerebrovascular disease.
4 Long-term high-level exposure to inorganic arsenic was suggested to increase the prevalence of hypertension and occupational exposure to lead was associated with increased mortality from hypertension in lead battery and lead production workers. 18 Our cohort experienced until recently significant exposure to arsenic, while exposure to lead has been present although not substantial because crystal was a minor production.
Exposure in the workplace to noise levels above 80 dB(A) has been associated with higher prevalence of hypertension in an Italian study; 19 noise measurements carried out in 15 Empoli glassworks in 1994 documented that 50% of about 500 workers experienced daily exposure to noise above 85 dB(A). 20 In summary, the higher prevalence of and mortality from hypertension and the presence of previously suggested occupational risk factors point to the role of occupational exposures occurring among Tuscan glass workers in the development of hypertension.
Mortality from genitourinary diseases as a wide group was above the reference: eight out of 11 cases were kidney diseases, namely two cases of chronic renal failure, two cases of unspecified renal failure and four cases of other disorders of the kidney and ureter.
Occupational exposure to silica has been associated with increased mortality for genitourinary diseases 21 and other adverse effects on the kidney.
22
- 23 It is worth noting that this study registered an increment from pneumoconiosis mortality (SMR = 200, 90% CI = 94-376), with all seven observed cases coded as due to silica and silicates. Occupational exposure to lead and to other heavy metals such as chromium and cadmium, were shown to increase genitourinary diseases mortality 21 -24 and the risk for chronic renal failure, respectively. 25 Six out of 10 deaths from hypertensive disease and five out of 11 deaths from diseases of the genitourinary system occurred among workers employed for more than 10 years in glassworks: this observation indicates a role of occupational exposure in disease etiology.
In conclusion, this study documents that the complex work environment of art glassworks appears to pose so far unreported health effects for non-malignant diseases, specifically: hypertension, pneumoconiosis and diseases of the genitourinary system, both in the overall cohort and especially in makers and formers.
This investigation also confirms the observation of an increased risk for a number of cancer sites, among them the lung, larynx, stomach and brain.
Notwithstanding the difficulty of connecting specific exposure/s with any one of the effects in this group of art glass workers, control measures aimed at reducing chemical and physical exposures have already been implemented. 26 
